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USING SOLVENTLESS METAL OLEATE IN
MAKING METAL MASTERBATCH

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates generally to the field of
manufacture of oxygen-scavenging packaging materials.
Particularly, 1t concerns the preparation of masterbatches of
metal oleate, especially cobalt oleate, that avoid handling
and processing problems found 1n previous preparative
techniques.

2. Description of Related Art

It 1s well known that limiting the exposure of oxygen-
sensitive products to oxygen maintains and enhances the
quality and sheli-life of the product. For instance, by lim-
iting the oxygen exposure of oxygen sensitive food products
in a packaging system, the quality of the food product is
maintained, and food spoilage 1s avoided. In addition such
packaging also keeps the product in 1nventory longer,
thereby reducing costs mncurred from waste and restocking.
In the food packaging industry, several means for limiting
oxygen exposure have already been developed, mcluding
modified atmosphere packaging (MAP), vacuum packaging
and oxygen barrier film packaging. In the first two 1nstances,
reduced oxygen environments are employed 1in the
packaging, while in the latter instance, oxygen 1s physically
prevented from entering the packaging environment.

Another, more recent, technique for limiting oxygen
exposure mmvolves 1ncorporating an oxygen scavenger 1nto
the packaging structure. Incorporation of a scavenger in the
package can scavenge oxygen present inside the package.
The oxygen thus scavenged either can be present in the
interior when product i1s filled into the package, or can
migrate into the package after product is filled. In addition,
such 1ncorporation can provide a means of intercepting and
scavenging oxygen as 1t passes through the walls of the
package (herein referred to as an “active oxygen barrier™),
thereby maintaining the lowest possible oxygen level
throughout the package.

In many cases, however, the onset of oxXygen scavenging,
in this system may not occur for days or weeks. The delay
before the onset of useful oxygen scavenging 1s hereiatter
referred to as the induction period. In addition, the rate of
oxygen scavenging may also be relatively low. Much work
has been done both to minimize the induction period and
increase the scavenging rate. One common approach that 1s
useful 1n both areas 1s the use of metal oleates, such as cobalt
oleate, as a catalyst for oxygen scavenging.

Typically, in production of an oxXygen scavenging pack-
aging article, metal oleate 1s provided as part of a master-
batch with a polymer, 1.¢. the metal oleate 1s 1n a concen-
trated formulation that 1s added to the bulk polymer during
production to generate a desired, lower concentration of the
metal 1n the oxygen scavenging layer of the oxygen scav-
enging packaging article. However, metal oleates pose a
number of difficulties 1n processing.

Neat metal oleates, such as cobalt oleate, are tacky solids
at room temperature. As a result, they have tar-like proper-
fies and are difficult to handle, as pellets of metal oleate will
adhere upon storage. Typically, to overcome this limitation,
a metal oleate used in masterbatch production is usually
provided 1n an organic solvent, such as in a 50% solution in
toluene. This raises the price over that of, for example, a neat
formulation of a metal stearate (a non-tacky solid at room
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temperature). Also, the organic solvent such as toluene must
be removed during production of the masterbatch, requiring
further equipment, and poses disposal concerns, especially
for toluene, which 1s widely held to be carcinogenic.

Therefore, 1t 1s desirable to formulate a metal oleate
masterbatch using a stock of metal oleate that can be readily
handled in solid form. It 1s also desirable for such a stock to
be free or substantially free of toluene or other solvent.

SUMMARY OF THE INVENTION

The present invention 1s directed to metal oleate master-
batch compositions useful in preparing oxygen scavenging
packaging articles, as well as methods of making the mas-
terbatch compositions.

In one embodiment, the masterbatch composition com-
prises porous beads comprising a first polymer; metal oleate
dispersed 1n the porous beads; and a second polymer or a
photoinitiator, 1n powder form, dispersed on the exteriors of
the porous beads. Such a masterbatch composition can be
prepared by a method comprising (1) providing a solution of
metal oleate in an organic solvent; (i1) dispersing the solu-
tion into the beads, to form solvated metal oleate beads; (ii1)
evaporating the solvent from the solvated metal oleate
beads, to form metal oleate dispersed in the beads; and (1v)
mixing the polymer or the photoinitiator, in powder form,
with the beads, to form the composition.

In another embodiment, the masterbatch composition
comprises a metal oleate and a polymer, wherein the metal
oleate 1s 1n the form of pellets, and the polymer 1s in the form
of a powder dispersed on the exteriors of the pellets. Such
a masterbatch composition can be prepared by a method
comprising (1) providing the metal oleate in the form of
pellets, and (i1) dispersing the polymer in the form of a
powder on the exteriors of the pellets.

In yet another embodiment, the masterbatch composition
comprises a metal oleate and a polymer, wherein the metal
oleate and the polymer are compounded. Such a masterbatch
can be prepared by a method comprising (1) providing the
metal oleate 1n the form of pellets and providing the polymer
as a solid and (11) compounding the metal oleate and the
polymer.

In still another embodiment, the masterbatch composition
1s prepared from a composition comprising a metal oleate
and a polymer, wherein the polymer 1s in the form of a
container, such as a bag, and the metal oleate 1s contained
within the container. The composition i1s processed to form
a masterbatch, or directly mmto an oxygen scavenging com-
ponent of an oxygen scavenging packaging article, by the
method of (1) providing the composition comprising a metal
oleate and a polymer, wherein at least some of the polymer
1s 1n the form of a container and the metal oleate 1s contained
within the container, (i1) melting the composition to produce
a melted composition, and (ii1) mixing the melted compo-
sition to produce a masterbatch. If the metal oleate 1n the
container 1s congealed during or before the providing step,
the method further comprises grinding the composition,
before or during the heating step.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows the percent of oxygen remaining as a
function of time 1n the headspace of two {ilms, one made
with a cobalt oleate masterbatch composition according to
the present invention, and a control made with a conven-
tional cobalt oleate 50% solution 1n toluene masterbatch, 1n
an experiment described 1in Example 2.
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DESCRIPTION OF ILLUSTRAITIVE
EMBODIMENTS

Throughout this description, the terms “pellet” and “pow-
der” each refer to a solid formulation of a compound or
composition. Both forms consist of discrete particles of the
compound or composition. A pellet 1s herein defined as
being a particle of at least 1 mm 1in the largest dimension,
with a powder comprising particles of less than 1 mm 1n the
largest dimension. One of skill 1in the art will recognize that
this definition 1s arbitrary. A “bead,” as used herein, 1is
synonymous with “pellet.”

In one embodiment, the present invention relates to a
composition, comprising porous beads comprising a {first
polymer; a metal oleate dispersed 1n the porous beads; and
a second polymer or a photoinitiator, 1n powder form,
dispersed on the exteriors of the porous beads. Such a
composition 1s useful as a masterbatch of the metal 1n further
production of an oxygen scavenging layer of an oxygen
scavenging packaging article. The masterbatch composition
1s substantially non-tacky and can be readily handled.

The metal 1on 1n the metal oleate can be any metal suitable
for use as an oxygen scavenging catalyst in an oxygen
scavenging packaging article. Preferably, the metal 1s a
transition metal. More preferably, the transition metal is
selected from the first, second or third transition series of the
Periodic Table. Suitable metals include, but are not limited
to, manganese, iron, cobalt, nickel, copper, rhodium, and
ruthenium. Preferably, the transition metal 1s selected from
copper, manganese, and cobalt; most preferably, the transi-
tion metal 1s coballt.

The metal oleate can be provided from any source, either
purchased as such or made up from the metal and oleic acid.
By “oleate” 1s meant any composition comprising at least
about 5%, preferably at least about 25%, more preferably at
least about 50%, most preferably at least about 70%, oleic
acid. The remainder 1s typically made up of C,—C,; acids,
such as stearate, palmitolic, or neodecanoic, among others.

A typical oleic acid grade comprises 73% oleic acid, 8%
linoleic acid, 7% palmitolic acid, 3% myristolic acid, and
1% linolinic acid. The remainder 1s made up of ert
materials. Preferably, a low linolinic grade oleic acid (which
may be referred to as “LL oleic acid”) is used. By “low
linolinic grade oleic acid” or “LL oleic acid” 1s meant an
oleic acid grade comprising less than about 1%, preferably
less than about 0. 1%, more preferably less than about
0.01%, linolinic acid. For example, an LL oleic acid that can
be used 1n the present 1nvention comprises 74% oleic acid,
4% linoleic acid, 11% palmitolic acid, 3% myristolic acid,
and a trace (<0.1%) linolinic acid.

An oxygen scavenging packaging article comprising a
metal oleate made with LL oleic acid imparts less of an
oif-taste or malodor to packaged food or beverage than does
such an article comprising the metal oleate made with
typical oleic acid grade. Though not to be bound by theory,
it 1s believed, when oxygen scavenging occurs, the metal
oleate made with LL oleic acid gives rise to fewer odorous
C.—C,, fragments than that made with a typical oleic acid
orade. Also, a neat metal oleate made with LL oleic acid has
higher softening and melting points than that made with a
typical oleic acid grade, which has advantages in processing
as will be described below.

If the metal oleate 1s prepared from a solution, such as a
50% solution 1 toluene, preferably the solvent 1s substan-
tially removed during preparation of the masterbatch
composition, and 1s substantially absent from the master-
batch composition. The metal oleate 1s present 1n the mas-
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terbatch from about 5% to about 40%, preferably from about
20% to about 25%, metal oleate by weight of the compo-
sition.

By “first polymer” 1s meant a polymer that 1s capable of
forming porous beads and 1s acceptable for use 1n an oxygen
scavenging packaging article. Because the masterbatch com-
position will typically be further combined with an oxygen
scavenging polymer (and, optionally, a non-oxygen scav-
enging polymer, e.g. polyethylene) to form an oxygen
scavenging layer of an oxygen scavenging packaging article,
the first polymer should be chosen so as to not interfere with
blending of the masterbatch with oxygen scavenging poly-
mer and any other additives.

By “oxygen scavenging polymer” 1s meant an oxidizable
organic compound that, upon oxidation, substantially does
not yield fragments that are capable of migrating out of the
masterbatch composition, or an oxygen scavenging layer
formulated from the masterbatch composition.

The oxygen scavenging polymer 1s a hydrocarbon with a
polymeric backbone. The hydrocarbon can be saturated or
unsaturated, and substituted or unsubstituted. Examples of
such hydrocarbons include, but are not limited to, diene
polymers such as polyisoprene, polybutadiene (especially
1,2-polybutadienes, which are defined as those polybuta-
dienes possessing greater than or equal to 50% 1,2
microstructure), and copolymers thereof, e.g. styrene-
butadiene. Such hydrocarbons also include polymeric com-
pounds such as polypentenamer, polyoctenamer, and other
polymers prepared by olefin metathesis; diene oligomers
such as squalene; and polymers or copolymers derived from
dicyclopentadiene, norbornadiene, 5-ethylidene-2-
norbornene, or other monomers containling more than one
carbon-carbon double bond (conjugated or non-conjugated).
These hydrocarbons further include carotenoids such as
3-carotene.

Examples of substituted hydrocarbons include, but are not
limited to, those with oxygen-containing moieties, such as
esters, carboxylic acids, aldehydes, ethers, ketones,
alcohols, peroxides, or hydroperoxides. Specific examples
of such hydrocarbons include, but are not limited to, con-
densation polymers such as polyesters dertved from mono-
mers containing carbon-carbon double bonds; unsaturated
fatty acids such as oleic, ricinoleic, dehydrated ricinoleic,
and linoleic acids and derivatives thereof, e.g. esters. Such
hydrocarbons also include polymers or copolymers derived
from (meth)allyl (meth)acrylates.

Preferably, the oxygen scavenging polymer comprises a
polymeric backbone and cyclic olefinic pendant groups.

More preferably, the polymeric backbone is ethylenic.
The polymeric backbone can comprise monomers of ethyl-
ene or styrene.

More preferably, the cyclic olefinic pendant group com-
prises the structure (I):

(D

wherein q,, g-, gz, 44, and r are independently selected
from hydrogen, methyl, or ethyl; m is —(CH,),—,
wherein n 1s an integer from O to 4, inclusive; and,
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when r 1s hydrogen, at least one of q,, g,, g5, and g, 1S
also hydrogen.

More preferably, the oxygen scavenging polymer further
comprises linking groups linking the backbone with the
pendant groups. Most preferably, the linking groups are
selected from:

O—(CHR),—; —(C—0)—O0—(CHR),—; —NH—(CHR),—;
O—(C—0)—(CHR),—; —(C—0)—NH—(CHR),—; or
(C=0)—O—CHOH—CH,—O0—;

wherein R 1s hydrogen, methyl, ethyl, propyl, or butyl;

and n 1s an mteger from 1 to 12, inclusive.

A most preferred oxygen scavenging polymer 1s ethylene/
methyl acrylate/cyclohexenyl methyl acrylate terpolymer
(EMCM). EMCM can be readily made following the teach-
ings of copending U.S. patent application Ser. No. 09/127,
316, mcorporated herein by reference.

The first polymer can also be an oxygen scavenging
polymer, but it need not be. If the first polymer 1s not an
oxygen scavenging polymer, 1t may be more stable on
storage 1n air. If the first polymer 1s an oxygen scavenging
polymer, it may offer greater convenience (e.g. no further
blending will be required in processing) and a lesser thermal
history. The skilled artisan will be able to choose an appro-
priate polymer for use as the first polymer based on these
parameters, the intended use of a product made from the
masterbatch, and other variables.

Preferably, the first polymer 1s ethylene/vinyl acetate
copolymer (EVA), ethylene/methyl acrylate copolymer
(EMAC), ethylene/butyl acrylate copolymer (EBAC), or
polyethylene (PE). More preferably, the polymer is PE.
Polyethylene has been found to be compatible with essen-
fially all oxygen scavenging polymers. Porous beads of
polyethylene are commercially available from Montell.

The porous beads, described above as comprising the first
polymer, may instead comprise a mixture of two or more
first polymers as described above.

In the composition comprising a metal oleate dispersed in
the porous beads, the amount of the porous beads may range
from about 30% to about 90%, preferably from about 50%
to about 75%, by weight of the composition.

After the metal oleate 1s dispersed 1nto the porous beads,
the exteriors of the porous beads are coated with a powder
of a second polymer or a photoinitiator.

The second polymer, if used, has the same requirements
as the first polymer, except that it need not be capable of
formation into porous beads. The second polymer can be the
same as the first polymer, or different.

In a preferred embodiment, the second polymer 1s
ethylene/vinyl acetate copolymer (EVA), ethylene/methyl
acrylate copolymer (EMAC), ethylene/butyl acrylate
copolymer (EBAC), or polyethylene (PE).

If a photoinitiator 1s used, suitable photoinitiators are well
known to those skilled 1n the art. Specific examples include,
but are not Ilimited to, benzophenone,
o-methoxybenzophenone, acetophenone, o-methoxy-
acetophenone, acenaphthenequinone, methyl ethyl ketone,
valerophenone, hexanophenone, a-phenyl-butyrophenone,
p-morpholinopropiophenone, dibenzosuberone,
4-morpholinobenzophenone, benzoin, benzoin methyl ether,
4-o-morpholinodeoxybenzoin, p-diacetylbenzene,
4-aminobenzophenone, 4'-methoxyacetophenone,
(x-tetralone, 9-acetylphenanthrene, 2-acetylphenanthrene,
10-thioxanthenone, 3-acetylphenanthrene, 3-acetylindole,
9-fluorenone, 1-indanone, 1,3,5-triacetylbenzene,
thioxanthen-9-one, xanthene-9-one, 7-H-benz[de]
anthracen-7-one, benzoin tetrahydropyranyl ether, 4,4'-bis
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(dimethylamino)-benzophenone, 1'-acetonaphthone,
2'-acetonaphthone, acetonaphthone and 2,3-butanedione,
benz|alanthracene -7,12-dione, 2,2-dimethoxy-2-
phenylacetophenone, o,c-diethoxyacetophenone, and o,0-
dibutoxyacetophenone, among others. Singlet oxygen gen-
erating photosensitizers such as Rose Bengal, methylene
blue, and tetraphenyl porphine may also be employed as
photoinitiators. Polymeric initiators include poly(ethylene
carbon monoxide) and oligo[ 2-hydroxy-2-methyl-1-[4-(1-
methylvinyl)phenyl |propanone|.

Use of a photoinitiator 1s preferable because 1t generally
provides faster and more efficient initiation. However, due to
the high cost of photoinifiators, it 1s desirable to use the
minimum amount of photoinitiator required to initiate oxy-
gen scavenging. This mimimum amount will vary depending
on the photoinitiator used, the wavelength and intensity of
ultraviolet light used to initiate, and other factors. Preferably,
the photoinitiator 1s either on the U.S. Food and Drug
Administration GRAS (generally regarded as safe) list, or
exhibits substantially no migration from the oxygen scav-
enging packaging article to the product (i.e. less than 50 ppb
in the product).

Photoinitiators that are especially useful in the present
invention include benzophenone derivatives containing at
least two benzophenone moieties, as described 1n copending
U.S. patent application Ser. No. 08/857,325, filed May 16,
19977. These compounds act as effective photoinitiators to
Initiate oxygen scavenging activity 1n oxygen scavenging
compositions. Such benzophenone derivatives have a very
low degree of extraction from oxygen scavenging
compositions, which may lead to reduced contamination of
a packaged product by extracted photoinitiator.

A “benzophenone moiety” 1s a substituted or unsubsti-
tuted benzophenone group. Suitable substituents include
alkyl, aryl, alkoxy, phenoxy, and alicylic groups containing
from 1 to 24 carbon atoms or halides.

The benzophenone derivatives include dimers, trimers,
tetramers, and oligomers of benzophenones and substituted
benzophenones.

The benzophenone photoinitiators are represented by the

formula:

Xn(Y),

wheremmn X 1s a bridging group selected from sulfur;
oxygen; carbonyl, —Si1R,—, wherein each R 1s 1ndi-
vidually selected from alkyl groups containing from 1
to 12 carbon atoms, aryl groups containing 6 to 12
carbon atoms, or alkoxy groups containing from 1 to 12
carbon atoms; —INR'—, wheremn R' 1s an alkyl group
containing 1 to 12 carbon atoms, an aryl group con-
taining 6 to 12 carbon atoms, or hydrogen; or an
organic group containing from 1 to 50 carbon atoms,
preferably from 1 to 40 carbon atoms; m 1s an integer
from O to 11; Y 1s a substituted or unsubstituted
benzophenone group; and n 1s an 1nteger from 2 to 12.
X can be a divalent group, or a polyvalent group with 3
or more benzophenone moieties. The organic group, when
present, can be linear, branched, cyclic (including fused or
separate cyclic groups), or an arylene group (which can be
a fused or non-fused polyaryl group). The organic group can
contain one or more heteroatoms, such as oxygen, nitrogen,
phosphorous, silicon, or sulfur, or combinations thereof.
Oxygen can be present as an ether, ketone, ester, or alcohol.
The substituents of Y, herein R", when present, are
individually selected from alkyl, aryl, alkoxy, phenoxy, or
alicylic groups containing from 1 to 24 carbon atoms, or
halides. Each benzophenone moiety can have from 0 to 9
substituents.
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Preferably, the combined molecular weight of the X and
R" groups 1s at least about 30 g/mole. Substituents can be
selected to render the photoinitiator more compatible with
the masterbatch composition.

Examples of such benzophenone derivatives comprising
two or more benzophenone moieties include dibenzoyl
biphenyl, substituted dibenzoyl biphenyl, benzoylated
terphenyl, substituted benzoylated terphenyl, tribenzoyl
triphenylbenzene, substituted tribenzoyl triphenylbenzene,
benzoylated styrene oligomer (a mixture of compounds
containing from 2 to 12 repeating styrenic groups, compris-
ing dibenzoylated 1,1-diphenyl ethane, dibenzoylated 1,3-
diphenyl propane, dibenzoylated 1-phenyl naphthalene,
dibenzoylated styrene dimer, dibenzoylated styrene trimer,
and tribenzoylated styrene trimer), and substituted benzoy-
lated styrene oligomer. Tribenzoyl triphenylbenzene and
substituted tribenzoyl triphenylbenzene are especially pre-
ferred.

When a photoinitiator 1s used, its primary function in the
final oxygen scavenging packaging article 1s to enhance and
facilitate the mnitiation of oxygen scavenging upon exposure
to radiation. The amount of photoinitiator can vary. In many
instances, the amount will depend on the oxidizable resin
used, the wavelength and intensity of electromagnetic radia-
tion used, the nature and amount of antioxidants used, as
well as the type of photoinitiator used. The amount of
photoinitiator also depends on how the masterbatch will be
used. For 1nstance, if the masterbatch will be formulated 1nto
a film layer placed, 1n an oxygen scavenging packaging
article, underneath a layer which 1s somewhat opaque to the
radiation used for imitiation, more photoinitiator may be
needed.

Regardless of whether a second polymer or a photoini-
fiator 1s used, the concentration of the second polymer or the
photoinitiator 1n the masterbatch will typically be from
about 1% to about 30%, preferably from about 5% to about
20%, by weight of the masterbatch.

The masterbatch can also comprise additional
compounds, such as antioxidants, fillers, plasticizers, or
anti-fog agents, among others. Appropriate additives will
depend on the intended use of an oxygen scavenging pack-
aging article comprising an oxygen scavenging layer made
with the masterbatch. Selection of appropriate additives and
the decision to include them in the masterbatch instead of
another component of the oxygen scavenging layer or the
oxygen scavenging packaging article 1s a routine matter for
the skilled artisan.

The present mnvention also relates to a method of making
the above masterbatch. The method comprises (1) providing
a solution of a metal oleate 1n toluene or another organic
solvent; (11) dispersing the solution into the beads, to form
solvated metal oleate beads; (iii) evaporating toluene from
the solvated metal oleate beads, to form the metal oleate
dispersed in the beads; and (1v) mixing the polymer or the
photoinitiator, in powder form, with the beads, to form the
composition.

The solution of the metal oleate in toluene or another
organic solvent 1s typically commercially available as a 50%
solution, but a solution with any concentration of the metal
oleate can be used, provided the solution can readily be
dispersed 1nto the beads.

Optionally, the porous beads can be treated with vacuum
before performing the dispersing step. This vacuum treat-
ment aids the subsequent dispersion of the metal oleate
solution 1nto the porous beads.

The dispersing step involves mixing of the metal oleate
solution and the porous beads. The mixing can be performed
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by addition of the metal oleate solution into the porous
beads, or by addition of the porous beads into the metal
oleate solution. In either case, stirring or agitation can be
used. The metal oleate solution will disperse through the
beads. Typically, about 2 parts (vol) of the metal oleate
solution are added to about 3 parts (vol) of porous polyeth-
ylene beads. After dispersion of the metal oleate solution
into the porous beads, the resulting solvated metal oleate
beads are ready for removal of the toluene or other organic
solvent. However, the solvated metal oleate beads are stable
for at least 24 hr, preferably at least 7 days, and can be stored
without further processing during this time.

The organic solvent 1s removed from the solvated metal
oleate beads by evaporation. Typically, the evaporation is
performed under nitrogen. The toluene or other organic
solvent can then be scrubbed from the nitrogen and further
processed for disposal or recycling. The result of evapora-
tion 1s a dispersion of the metal oleate in the porous beads.
The storage stability of the product after the evaporation step
1s typically less than 24 hr, and preferably, the dispersion of
the metal oleate 1n the porous beads 1s further processed
substantially immediately after evaporation 1s complete.

After removal of the organic solvent from the
composition, a sccond polymer or a photoinitiator are added
as a powder and dispersed over the exteriors of the beads.
The second polymer or the photoinitiator are as described
above. A mixture of two or more second polymers, two or
more photoinitiators, or a combination of one or more
second polymer and one or more photoinitiator, can also be
used.

Techniques of dispersion of the powder over the exteriors
of the beads are known 1n the art. Any such technique may
be used, provided 1t 1s capable of leading to complete
coating of the exteriors of the beads in a reasonably short
length of time.

The concentration of the powder to be added should be
suflicient to completely coat the exteriors of the beads.
Typically, about 0.25 parts to about 1 part (vol) of the
powder are added.

Optionally, other compounds may be added to the
masterbatch, either in solution with the metal oleate, as a
component of the porous beads, with the powder of the
second polymer or the photoinitiator, or some combination.
The other compounds can include antioxidants, fillers,
plasticizers, or anti-fog agents, among others. Appropriate
additives will depend on the intended use of an oxygen
scavenging packaging article comprising an oxygen Scav-
enging layer made with the masterbatch. Selection of appro-
priate additives and the decision to include them in the
masterbatch instead of another component of the oxygen
scavenging layer or the oxygen scavenging packaging article
1s a routine matter for the skilled artisan.

After addition and mixing of the powder over the exte-
riors of the beads, the resulting masterbatch can be used
for preparation of an oxygen scavenging polymer
composition, or stored for later preparation of an oxy-
gen scavenging polymer composition. The masterbatch
so prepared has good storage stability, and can be
readily handled without congealing of the metal oleate.

However, the foregoing technique 1s not preferred,
because toluene or another organic solvent 1s still required 1n
preparation of the masterbatch.

In another embodiment, the present invention 1s directed
to a masterbatch composition, comprising a metal oleate and
a polymer, wherein the metal oleate 1s 1n the form of pellets
or a powder, and the polymer 1s in the form of a powder
dispersed on the exteriors of the pellets.
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The metal oleate 1s as described above. The metal 10n 1n
the metal oleate can be any metal suitable for use as an
oxygen scavenging catalyst 1n an oxygen scavenging pack-
aging article. Preferably, the metal 1s a transition metal.
More preferably, the transition metal 1s selected from the
first, second or third transition series of the Periodic Table.
Suitable metals include, but are not limited to, manganese,
iron, cobalt, nickel, copper, rhodium, and ruthenium;
preferably, manganese, copper, or cobalt. Most preferably,
the transition metal 1s cobalt. The oleate component can be
either typical oleic acid grade or, preferably, LL oleic acid,
as described above. Pellets or a powder of a metal oleate are
commercially available or can be readily made up from the
metal and the oleate component. Such pellets or powder are
substantially pure, e€.g. do not comprise toluene or another
organic solvent.

The metal oleate 1s present in the masterbatch from about
5% to about 80%, preferably 5% to about 40%, more
preferably from about 10% to about 25%, metal oleate by
welght.

The polymer can be any first polymer as described above.
Preferably, the polymer 1s selected from ethylene/vinyl
acetate copolymer (EVA), ethylene/butyl acrylate copoly-
mer (EBAC), ethylene/methyl acrylate copolymer (EMAC),
or polyethylene (PE). More preferably, the polymer is poly-
cthylene.

The amount of polymer should be high enough to sub-
stantially inhibit oleate-mediated congealing of particles of
the masterbatch during storage, shipment, or processing.
The amount of the polymer 1n the composition should be
suflicient to cover the exteriors of the pellets.

Optionally, the masterbatch can further comprise other
compounds. These additives can include photoinitiators,
antioxidants, fillers, plasticizers, or anti-fog agents, among
others. Appropriate additives will depend on the intended
use of an oxygen scavenging packaging article comprising,
an oxygen scavenging layer made with the masterbatch.
Selection of appropriate additives and the decision to
include them 1n the masterbatch instead of another compo-
nent of the oxygen scavenging layer or the oxygen scav-
enging packaging article 1s a routine matter for the skilled
artisan.

A preferred additive 1s a photoinitiator, as described
above. Preferred photomitiators include dibenzoyl biphenyl,
substituted dibenzoyl biphenyl, benzoylated terphenyl, sub-
stituted benzoylated terphenyl, tribenzoyl triphenylbenzene,
substituted tribenzoyl triphenylbenzene, benzoylated sty-
rene oligomer, or substituted benzoylated styrene oligomer.

The present invention also relates to a method of prepar-
ing this masterbatch composition, wherein the metal oleate
1s 1n the form of pellets or a powder, and the polymer 1s in
the form of a powder dispersed on the exteriors of the pellets
or the powder. The method comprises (1) providing the metal
oleate in the form of pellets or a powder, and (i1) dispersing
the polymer 1n the form of a powder on the exteriors of the
metal oleate pellets or powder.

The metal oleate and the polymer are as described above.
The metal 10n 1n the metal oleate can be any metal suitable
for use as an oxygen scavenging catalyst in an oxygen
scavenging packaging article. Preferably, the metal 1s a
fransition metal. More preferably, the transition metal is
selected from the first, second or third transition series of the
Periodic Table. Suitable metals include, but are not limited
to, manganese, iron, cobalt, nickel, copper, rhodium, and
ruthenium; preferably, manganese, copper, or cobalt. Most
preferably, the transition metal 1s cobalt. The oleate com-
ponent of the metal oleate can be either typical oleic acid
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orade or, preferably, LL oleic acid, as described above.
Pellets or a powder of the neat metal oleate are commercially
available or are readily made up, as are powders of polymers
useful 1 this embodiment of the mvention. The powder can
also comprise other polymers, as well as other additives,
such as photoinitiators or antioxidants, among others, alone
Or 1n any combination.

The powder should be added 1in an amount sufficient to
cover the exteriors of the pellets of the metal oleate. The
metal oleate and the polymer powder can be mixed using
any known technique or apparatus. The result 1s coated
pellets or powder of the metal oleate that will not congeal
upon storage, and thus can be readily stored and shipped
before final processing mnto an oxygen scavenging layer of
an oxygen scavenging packaging article. This method also
has the advantage of not using toluene or another solvent.

In another embodiment, the present invention relates to a
masterbatch comprising a metal oleate and a polymer,
wherein the metal oleate and the polymer are compounded.

The metal oleate and the polymer are as described above.
The metal 10n 1n the metal oleate can be any metal suitable
for use as an oxygen scavenging catalyst in an oxygen
scavenging packaging article. Preferably, the metal 1s a
transition metal. More preferably, the transition metal is
selected from the first, second or third transition series of the
Periodic Table. Suitable metals include, but are not limited
to, manganese, 1ron, cobalt, nickel, copper, rhodium, and
ruthenium; preferably, manganese, copper, or cobalt. Most
preferably, the transition metal 1s cobalt. The oleate com-
ponent of the metal oleate can be either typical oleic acid
orade or, preferably, LL oleic acid, as described above. The
metal oleate and the polymer can be provided as pellets,
powders, or both. By “compounded” 1s meant the metal
oleate and the polymer are mixed under sufficient heat to
melt or partially melt the metal oleate and the polymer, then
extruded, cooled, and pelletized to create a solid mixture of
the metal oleate and the polymer. The mixture 1s homoge-
neous throughout each pellet.

The metal oleate 1s present 1n the masterbatch from about
5% to about 80%, preferably from about 5% to about 40%,
more preferably from about 10% to about 25%, metal oleate
by weight.

The amount of polymer to be used should be high enough
to substantially ihibit oleate-mediated congealing of par-
ticles of the masterbatch during storage, shipment, or pro-
cessing.

The masterbatch of this embodiment can further comprise
additives, such as photoinitiators or antioxidants, among
others. Preferred photoinitiators include dibenzoyl biphenyl,
substituted dibenzoyl biphenyl, benzoylated terphenyl, sub-
stituted benzoylated terphenyl, tribenzoyl triphenylbenzene,
substituted tribenzoyl triphenylbenzene, benzoylated sty-
rene oligomer, or substituted benzoylated styrene oligomer.
A more preferred photomitiator 1s tribenzoyl triphenylben-
Zene.

The present invention also relates to a method of making,
the masterbatch of this embodiment. The method comprises
(1) providing the metal oleate in the form of pellets or a
powder and providing the polymer as pellets or a powder
and (i1) compounding the metal oleate and the polymer.

The solid formulation of the metal oleate was described
above, and can be either pellets or a powder. The oleate
component of the metal oleate can be either typical oleic
acid grade or, preferably, LL oleic acid, as described above.
Solid formulations of the polymer are as described above,
and can be provided as either pellets or a powder. The
amount of polymer to be used should be high enough to
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substantially inhibit oleate-mediated congealing of particles
of the compounded end product during subsequent storage,
shipment, or processing.

Compounding the metal oleate and the polymer can be
performed using any technique and apparatus known in the
art. Typically, pellets or a powder of the metal oleate and
pellets or a powder of the polymer are mixed and heated to
orcater than the melting points of the metal oleate and the
polymer to produce a melt. The melt 1s then extruded,
whereupon 1t undergoes cooling. The cooling or cooled melt
can then be pelletized, powdered, or otherwise processed
into a solid. The compounded solid, whether as pellets,
powders, or another form, can be stored without subsequent
congealing of the metal oleate and can readily be stored,
shipped, or processed 1n making an oxXygen scavenging layer
uselul 1n an oxygen scavenging packaging article.

The two embodiments most recently discussed have the
advantage of yielding a masterbatch whose component
particles are substantially non-tacky. These embodiments
also have the advantage of not using toluene or another
organic solvent, and thus use a less-expensive stock of metal
oleate and avoid disposal concerns posed by the use of
organic solvents. However, these embodiments require the
stock of a neat metal oleate to be provided as substantially
non-congealed, 1.e. present as relatively free-tlowing pellets
or a powder.

In another embodiment, the present invention 1s directed
to a composition comprising a metal oleate and a polymer,
wherein at least some of the polymer 1s 1 the form of a
container and the metal oleate 1s contained within the
container.

The metal oleate 1s a neat metal oleate, as described
above, and can be either pellets or a powder. The metal 1on
in the metal oleate can be any metal suitable for use as an
oxygen scavenging catalyst 1n an oxygen scavenging pack-
aging article. Preferably, the metal 1s a transition metal.
More preferably, the transition metal 1s selected from the
first, second or third transition series of the Periodic Table.
Suitable metals include, but are not limited to, manganese,
iron, cobalt, nickel, copper, rhodium, and ruthenium;
preferably, manganese, copper, or cobalt. Most preferably,
the transition metal 1s cobalt. The oleate component of the
metal oleate can be either typical oleic acid grade or,
preferably, LL oleic acid, as described above.

The polymer can be any polymer capable of forming a
container, compatible with processing into a masterbatch,
and compatible with end-use 1n or adjacent to an oxygen-
scavenging layer of an oxygen scavenging packaging article.
Preferably, the polymer 1s selected from ethylene/vinyl
acetate copolymer (EVA), ethylene/butyl acrylate copoly-
mer (EBAC), ethylene/methyl acrylate copolymer (EMAC),
or polyethylene (PE).

The container can be any structure capable of packaging
the metal oleate, typically in quantities of about 10 to about
50 pounds. The container can be rigid or flexible, preferably
flexible. The flexible container may be referred to as a “bag.”
The container can be formulated with additives in addition
to the polymer; the additives can be photoinitiators,
antioxidants, or other compounds as described above.
Typically, the container will comprise at least about 90%,
possibly at least about 95% or even at least about 99%, the
polymer, with the remainder being additives.

Typically, the amount of the metal oleate 1n the container
will be about 10 pounds to about 50 pounds, and the weight
of the container itself will be about 0.1 pounds to about 5
pounds.

The neat metal oleate 1n the container will, upon storage,
tend to congeal, the particles of the metal oleate adhering to
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both other metal oleate particles and the container. Such
congealing 1s not a deficiency, as will be discussed below.

In a related embodiment, the present mnvention 1s directed
to a method of generating a masterbatch. The method
comprises (1) providing the composition comprising the
metal oleate and a polymer, wherein the polymer 1s in the
form of a container and the metal oleate 1s contained within
the container, (i) melting the composition to produce a
melted composition, and (i11) mixing the melted composition
to produce a masterbatch. If the metal oleate 1n the container
1s congealed during or before the providing step, the method
further comprises grinding the composition, before or during
the heating step.

The container, the metal oleate, and the polymer are as
described above. Congealing of the metal oleate 1n the
container 1s acceptable, as will be described below.

“Grinding” 1s defined as the generation of small fragments
of the metal oleate, the container, or both from the metal
oleate 1n the container. Grinding will disrupt any congealing
of the metal oleate, and also serves to mix the metal oleate
with the polymer and any other additives formed in the
container. Grinding can be performed using any appropriate
means for generating small fragments of a solid or semisolid
mass. Examples of such means include cutting teeth, grind-
ing slabs, or any other known apparatus or combination of
apparatus that can generate small fragments of the metal
oleate, the container, or both. One such apparatus that is
uselul for grinding, as well as other steps of the method, 1s
a Brabender extruder, equipped with a rotor comprising,
cutting teeth at the mouth of the hopper.

The composition, either as provided or after grinding, 1f
performed, 1s heated to greater than the melting points of
both the metal oleate and the polymer. Preferably, if ground,
the composition i1s heated soon after grinding 1s complete.
For example, in the Brabender extruder, the ground com-
position 1s formed at the mouth of the hopper, and 1imme-
diately falls into the heating vessel of the extruder.

Heating the composition can be accomplished by any
appropriate technique. Preferably, while heating 1s taking
place, the composition 1s being mixed, to homogenize the
melt resulting from grinding.

In addition to the metal oleate, the polymer, and the
additives, if any, provided by the composition, the operator
can add other compounds, such as photoinitiators,
antioxidants, a greater amount of the polymer, or another
polymer, during the heating step. Such additives are as
described for alternative embodiments above. Preferably,
the temperature of heating i1s to a temperature greater than
the melting points of any compounds added in this step.
However, the temperature need not be high enough to melt
one or more of the added compounds if the concentration of
the non-melted added compound or compounds 1s low,
mixing 1s vigorous, and melting of the non-melted added
compound or compounds 1s not necessary to their later
activity 1n the production or use of an oxygen scavenging,
packaging article.

The end product of the heating step 1s a melt comprising,
the metal oleate and the polymer, as well as any optional
additives. The melt 1s preferably homogeneous.

The melt 1s then mixed, which can be performed using
any appropriate apparatus known in the art. The mixed melt
can then be cooled and formed 1nto a desired structure. The
form 1nto which the mixed melt 1s formed, ¢.g. as pellets, a
powder, a single layer film, a layer of a multilayer film, a
single layer rigid packaging article, or a layer of a multilayer
rigid packaging article, among others, 1s not crucial.
Preferably, the melt 1s formed as pellets, as pellets are most




US 6,664,320 B1

13

suitable for use as a metal masterbatch in production of an
oXygen scavenging packaging article.

Preferably, the form 1nto which the mixed melt 1s formed
1s substantially non-tacky, despite the presence of the metal
oleate.

It 1s also possible to form the mixed melt directly into an
oxygen scavenging packaging article, for example, as a
metal oleate catalytic layer adjacent to an oxygen scaveng-
ing layer 1n the oxygen scavenging article.

This method has numerous advantages in making a metal
masterbatch comprising a metal oleate. The final master-
batch can be readily stored without congealing of the metal
oleate 1n the masterbatch. No solvent such as toluene was
used during preparation of the masterbatch. In addition,
there 1s no deficiency 1f the neat metal oleate pellets entered
into the process have congealed, because the metal oleate
and the polymer can be ground during the performance of
the method.

In a further embodiment, the present invention relates to
a method of making an oxygen scavenging packaging
article. The method comprises (1) providing a masterbatch
comprising a metal oleate and a polymer, wherein the
masterbatch is substantially free of organic solvent; (ii)
combining the masterbatch with a polymer composition
comprising an oxygen scavenging polymer, under melt
conditions, to form a combined composition; and (i11) form-
ing the combined composition into the oxygen scavenging
packaging article or a layer thereof.

The masterbatch comprising the metal oleate and the
polymer can be 1n any of the forms, and can be made by any
of the methods, described above. The oxygen scavenging
polymer 1s as described above, and 1s preferably EMCM.
Combining the masterbatch with the oxygen scavenging
polymer under melt conditions can be performed by tech-
niques known 1n the art. The combined composition can also
comprise other additives such as photoinitiators or
antioxidants, among others. Alternatively, additives can be
provided in an additional layer of the oxygen scavenging
packaging article during the forming step. The forming step
can be performed using any techniques known 1n the art,
such as extrusion, coextrusion, or solvent casting, among
others. Appropriate forming techniques will depend on the
masterbatch formulation, the oxygen scavenging polymer,
the mtended structure and function of the oxygen scaveng-
ing packaging article, and other variables that will be
apparent to the skilled artisan.

The oxygen scavenging packaging article can be any such
packaging article described above, such as a single- or
multilayer film or a single- or multilayer rigid article.
Preferably, the oxygen scavenging packaging article 1s 1n the
form of a film, more preferably a multilayer film.

The following examples are included to demonstrate
preferred embodiments of the mvention. It should be appre-

Time O, Meas.
(Days)  (Vol %)
0.0 1.04
1.0 0.66
2.0 0.42
3.0 0.29
4.0 0.21
6.0 0.10
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clated by those of skill in the art that the techniques
disclosed 1n the examples which follow represent techniques
discovered by the mnventor to function well 1n the practice of
the 1nvention, and thus can be considered to constitute
preferred modes for its practice. However, those of skill in
the art should, mn light of the present disclosure, appreciate
that many changes can be made 1n the specific embodiments
which are disclosed and still obtain a like or similar result
without departing from the spirit and scope of the 1nvention.

EXAMPLE 1

PREPARATTON OF A MASTERBAITCH

A masterbatch comprising cobalt oleate dispersed in
porous polyethylene beads was prepared as follows. First, 2
parts by volume of a 50% solution of cobalt oleate in toluene
were dispersed 1nto 3 parts of porous polyethylene beads
(Montell). Thereafter, the toluene was evaporated under
nitrogen to yield dried cobalt oleate beads. Then, 1 part of
photoinitiator tribenzoyl triphenylbenzene (BBP®) as pow-
der was added to the dried cobalt oleate beads and mixed
well. The resulting powder-coated cobalt oleate beads were
non-sticky. The mixture had good storage stability.

EXAMPLE 2

OXYGEN SCAVENGING TEST OF OXYGEN

SCAVENGING POLYMER Compounded with
Masterbatch made from Neat Cobalt Oleate

To make a cobalt masterbatch, 20.6 g of neat cobalt oleate
was mixed with 2.0 g of a photoinitiator (BBP>) and 177.4
g of ethylene/methyl acrylate copolymer (EMAC, Chevron)
and fed into a Haake twin screw extruder at 220° C.
Thereafter, 33 ¢ of masterbatch was blended with 300 ¢
cthylene/methyl acrylate/cyclohexenyl methyl acrylate ter-
polymer (EMCM, Chevron) on a Haake twin screw extruder
at 130° C. The resulting blend was then processed into a 2
mil thick 3-layer film with 0.5 mil polyethylene outer layer
and 1 mil EMCM/masterbatch core layer, and the oxygen
scavenging properties of the film were then tested.

To initiate oxygen scavenging, a 100 cm” (5 cmx20 cm)
film (0.38 g) was exposed for 1.6 minutes to 254 nm UV at
1 inch to receive 800 mJ/cm”. The oxygen scavenging was
tested with 300 cc 1% O, and 99% N, at 4° C., using a
Mocon HS750. The results of the test are given below 1n
Table 1. These results are plotted 1n FIG. 1, along with the
results obtained from a control 3-layer film containing a
masterbatch made from 50 wt. % Co oleate toluene solution.
FIG. 1 plots the percent of oxygen remaining in the head-
space against time (days). The oxygen scavenging uptake
capacity 1s based on the total weight of the 3-layer film.

TABLE 1

O, Scavenging Measurements Using Mocon HS750

O, Uptake

O, Meas. Vol- O, O, Uptake Avg. Rate Instant Rate O, Capacity

Vol (mL) Used (mL) (mL/g) (cc/m?/day) (cc/m*/day) (cc/m?/mil)
3.12 0.00 0.00 0.00 0.00 0.00
1.95 1.12 2.73 56.05 56.05 56.05
1.22 1.82 4.43 45.43 34.80 90.85
0.83 2.19 5.34 36.46 18.53 109.38
0.59 2.41 5.88 30.14 11.20 120.58
0.28 2.71 6.62 22.62 7.56 135.70
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In summary, an oxygen scavenging multilayer film com-
prising a masterbatch according to the present invention,
substantially free of organic solvent, effectively scavenged
oxygen, to an extent comparable to a control multilayer film
comprising a 50% cobalt oleate solution 1n toluene master-

batch.

All of the compositions and methods disclosed and
claimed herein can be made and executed without undue
experimentation 1n light of the present disclosure. While the
compositions and methods of this invention have been
described in terms of preferred embodiments, it will be
apparent to those of skill in the art that variations may be
applied to the compositions and methods and in the steps or
in the sequence of steps of the method described herein
without departing from the concept, spirit and scope of the
invention. More specifically, 1t will be apparent that certain
agents which are both chemically and physiologically
related may be substituted for the agents described herein
while the same or similar results would be achieved. All
such similar substitutes and modifications apparent to those
skilled in the art are deemed to be within the spirit, scope and
concept of the mmvention as defined by the appended claims.

What 1s claimed 1s:

1. A method of preparing a masterbatch of a metal oleate,
an antioxidant, and a polymer, comprising:

providing the metal oleate, the antioxidant, and the

polymer, wherein the polymer i1s in the form of a
container and the metal oleate and the antioxidant are
contained within the container;
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heating the container containing the metal oleate, to form
a melt of the metal oleate, the antioxidant, and the
polymer; and

mixing the melt, to form a masterbatch of the metal oleate,
the antioxidant, and the polymer.

2. The method of claim 1, wherein the metal component

of the transition metal oleate 1s selected from manganese,
iron, cobalt, nickel, copper, rhodium, or ruthenium.

3. The method of claim 2, wherein the metal component
of the transition metal oleate 1s cobalt.

4. The method of claim 1, further comprising grinding the
container containing the metal oleate and the antioxidant,
before or during the heating step.

5. The method of claim 1, wherein the oleate of the
transition metal oleate consists essentially of LL oleic acid.

6. The method of claim 1, wherein the polymer 1s selected
from ethylene/vinyl acetate copolymer (EVA), ethylene/
methyl acrylate copolymer (EMAC), polyethylene (PE), or
mixtures thereof.

7. The method of claim 1, wherein before or during the
heating step, a photoinitiator 1s added.

8. The method of claim 7, wherein the photoinitiator 1s
selected from dibenzoyl biphenyl, substituted dibenzoyl
biphenyl, benzoylated terphenyl, substituted benzoylated
terphenyl, tribenzoyl triphenylbenzene, substituted triben-
zoyl triphenylbenzene, benzoylated styrene oligomer, and
substituted benzoylated styrene oligomer.

9. The method of claim 8, wherein the photoinitiator 1s
tribenzoyl triphenylbenzene.
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